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WHAT IS ALREADY KNOWN ABOUT

• Delta-9-tetrahydrocannabinol (Δ9-THC) is
the psychoactive substance of the Cannabis
sativa plant and has been shown to be a

• Namisol® is an oral tablet containing
purified Δ9-THC in a novel formulation.

• Bioavailability and clinical effects of oral Δ9-
THC need to be studied in a chronic pain

WHAT THIS STUDY ADDS
• Orally administered Δ9-THC results in a
reliable pharmacokinetic profile in patients
with chronic pancreatitis.

• A single 8 mg dose of Δ9-THC is not

chronic pancreatic pain, but is generally well
tolerated with mostly mild AEs.
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THIS SUBJECT

AIM
We aimed to assess the analgesic efficacy, pharmacokinetics,
tolerability and safety of a single dose of Δ9-THC in patients with
chronic abdominal pain resulting from chronic pancreatitis (CP).
promising analgesic in previous studies.

METHODS
This was a randomized, single dose, double-blinded, placebo-
controlled, two way crossover study in patients suffering from ab-
dominal pain as result of CP (n = 24), post hoc subdivided into opioid
and non-opioid users. Δ9-THC (8 mg) or active placebo (5 mg/10 mg
diazepam) was administered orally in a double dummy design.
population.
RESULTS
No treatment effect was shown for delta VAS pain scores after Δ9-THC
compared with diazepam. Δ9-THC was well absorbed with a mean tmax

of 123 min. No significant differences were found between Δ9-THC vs.
diazepam for alertness, mood, calmness or balance. Feeling anxious
and heart rate were significantly increased after Δ9-THC compared
with diazepam. The most frequently reported adverse events (AEs)
after Δ9-THC administration were somnolence, dry mouth, dizziness
and euphoric mood.
efficacious in achieving pain relief

compared with diazepam in patients with
 CONCLUSIONS
A single dose of Δ9-THC was not efficacious in reducing chronic pain
resulting from CP, but was well tolerated with only mild or moderate
AEs. The PK results in CP patients showed delayed absorption and an
increased variability compared with healthy volunteers.
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Introduction

Chronic pancreatitis (CP) is a disease characterized by
inflammation and progressive destruction of the pancre-
atic gland, which results in irreversible morphologic
changes that typically cause endocrine and/or exocrine
dysfunction [1]. The most important symptom of CP is
abdominal pain, present in 80–90% of patients during
the disease course [2]. Pancreatic pain is described by
most patients as severe abdominal pain, frequently radi-
ating to the back. The pain is typically recurrent, intense
and long-lasting, and is extremely difficult to treat [3].
Initial treatment of CP consists of low fat diet and non-
narcotic analgesics, which can be supplemented by oral
pancreatic enzymes and proton pump inhibitors. If an ac-
ceptable level of pain relief is not obtained with these
drugs, opioids are the next stage in the management of
pain. Opioids have a number of well-known adverse
effects including elevation of smooth muscle tone
(affecting gastrointestinal motility), toxicity in the central
nervous system, opioid-induced hyperalgesia and toler-
ance, and risk of addiction [4, 5]. Alternatives to medici-
nal treatment exist in the form of nerve blockade,
lithotripsy and surgical treatment. However, results from
studies of non-medicinal treatment modalities are equiv-
ocal and these treatments are only applicable in a minor-
ity of patients. Therefore, medicinal analgesic therapy
must still be considered as the first choice in the manage-
ment of painful CP [6].

Underlying pain mechanisms of CP are poorly under-
stood and multifactorial and, therefore, treatment is
often empirical and insufficient. Several intra- and
extrapancreatic causes of pain have been suggested.
However, most research is focused alterations in pain
processing, with peripheral causes including an increase
in nerve fibres and neurogenic inflammation [7], and
central causes including central sensitization and
somatotopic reorganization [8, 9]. Furthermore, Olesen
et al. demonstrated activation of descending inhibition
in early CP patients, and loss of diffuse noxious inhibitory
control (DNIC) in more advanced CP patients [10]. It
should be noted in this context that when opioid treat-
ment becomes less effective the more central sensitiza-
tion an individual has [11]. Thus there is a clear need for
alternatives (or adjuvants) to opioid treatment in CP
patients with pain, targeting changes in (central) pain
processing.

Delta-9-tetrahydrocannabinol (Δ9-THC) is the most
potent psychoactive cannabinoid from the plant
Cannabis sativa, and has been used to treat pain for many
centuries. However, the therapeutic potential of cannabi-
noids in current pain management remains unclear. To
date, a wide range of products containing Δ9-THC are
available for medicinal purposes, including (i) crude me-
dicinal cannabis containing several active compounds,
(ii) pharmaceutical products with standardized natural
526 / 81:3 / Br J Clin Pharmacol
or synthetic Δ9-THC content containing whole cannabis
plant extract, a defined combination of Δ9-THC and
cannabidiol (CBD) or pure Δ9-THC and (iii) synthetic ana-
logues interacting with cannabinoid receptors [12]. The
pharmacokinetics (PK) of the different administration
routes of herbal cannabis and cannabis-based medicines
are variable and dosing is difficult to regulate. The devel-
opment of pharmaceutical products for oral administra-
tion with pure and defined Δ9-THC content may offer a
favourable alternative. Namisol® (Echo Pharmaceuticals,
The Netherlands) is a novel formulation for oral adminis-
tration, containing purified Δ9-THC isolated from the
Cannabis sativa plant, with a reliable PK profile as demon-
strated in a phase I healthy volunteer study [13].

Δ9-THC induces pharmacological effects by binding
non-selectively to cannabinoid receptors. Two cannabi-
noid receptors have been identified, the CB1 and CB2 re-
ceptor [14–16]. CB1 receptors are most densely present
in the brain, particularly in the hippocampus, cerebellum
and striatum, and occur in several areas providing targets
through which cannabinoids could modulate pain. These
areas include the periaqueductal grey (PAG), the rostral
ventrolateral medulla, the superficial layers of the spinal
dorsal horn and the dorsal root ganglion fromwhich they
are transported to both central and peripheral terminals
of primary afferent neurons [17–19]. CB2 receptors are
expressed in high quantities in human immune tissues
and cells, e.g. in the spleen, tonsils and leucocytes.

Apart from potential direct analgesic effects, it is sug-
gested that cannabis might further be useful to treat pain
through possible synergistic interactions with opioid
analgesics or by improving the efficacy of pain treatment
in patients with a tolerance to opioids [20].

In this phase 2 study, we aimed to study the analgesic
efficacy, PK, pharmacodynamics (PD) and safety of a
single oral dose of Δ9-THC in patients with chronic
abdominal pain resulting from CP, subdivided into
opioid and non-opioid users.
Methods

This was an equally randomized (1 : 1 ratio), single dose,
double-blind, placebo-controlled, crossover study to
evaluate the analgesic efficacy, PK, PD, pharmacogene-
tics and safety of a single dose of Δ9-THC. The study
population consisted of 24 subjects with CP,
subdivided into daily opioid (n = 12) and non-opioid
users (n = 12). The Medical Ethical Committee and
Competent Authority approved the study (2011/114).
The study was conducted according to the principles
of the Declaration of Helsinki, and in accordance with
the International Conference on Harmonization guide-
lines of Good Clinical Practice. All subjects provided
oral and written consent before conduct of any
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protocol-related procedures. The Clinicaltrials.gov
identification number was NCT01318369.

Study population
Eligible patients were adults (age > 18 years) diagnosed
with CP according to the Marseille and Cambridge Classi-
fication System. All patients had chronic abdominal pain,
persistent or intermittent on a daily basis during the past
3 months, and considered their pain as severe enough
for medical treatment (numeric rating scale (NRS) ≥ 3).
Patients in the opioid subgroup took stable doses of pre-
scribed opioids, whereas patients in the non-opioid sub-
group had not taken opioids or only occasionally for pain
flares in the past 2 months. The study took place at the
Radboud University Medical Centre, The Netherlands,
from October 2011 to May 2013. Patients were recruited
by their physician or by advertisement.

Key exclusion criteria were cannabis use in previous
year, history of hypersensitivity to THC, BMI <18.0 or
>31.2 kg m�2, serious painful conditions other than CP,
significant medical disorder or concomitant medication
that may interfere with the study or may pose a risk for
the patient, major psychiatric illness in history, epileptic
seizure in history, diabetic neuropathy, significant
exacerbation in illness within 2 weeks, more than 1 daily
defined dose (DDD) benzodiazepines 6 h prior to or fol-
lowing intake of study medication in the opioid sub-
group or more than 1 DDD benzodiazepines according
to prescription in the non-opioid subgroup (1 DDD was
defined as 20 mg oxazepam), positive urine drug screen
or alcohol test at screening or on study days, clinically
relevant abnormalities in ECG or laboratory results, preg-
nant or breastfeeding females, intending to conceive a
child or participation in another investigational drug
study within 90 days before study entry.

Randomization
Eligible patients were stratified into opioid and non-
opioid users, then randomly assigned to one of two
treatment sequences in a 1 : 1 ratio using a computer-
generated list of random numbers. Patients, staff and in-
vestigators were all blinded by a double dummy design.
Each study day, patients were given either a single dose
of Δ9-THC (Namisol® 8 mg simultaneously with placebo
diazepam) or a single dose diazepam (placebo Namisol®
simultaneously with diazepam (5 mg non-opioid
group/10 mg opioid group)). Each patient subsequently
received the alternative after at least a 14 day washout
period. Namisol® or matching placebos were taken in
three tablets (1 × 5mg + 2 × 1.5 mg). The previous phase
I study demonstrated that the maximal tolerable dosage
with acceptable adverse events was 8 mg Namisol®. With
respect to the expected THC-mediated sedative effects
of cannabis, as demonstrated by frequently reported
AEs such as somnolence and fatigue [21], low dose
diazepam was used as ‘active placebo’ to prevent
unblinding of patient and investigator. A study in healthy
male subjects found no central effects after a single oral
dose of 2 mg diazepam, but intermediate effects after
5 mg and highly significant effects after 10 mg diazepam
[22]. Opioid users are generally more used to sedative
(side) effects due to their regular medication use. There-
fore, a dosage of 10 mg diazepam was chosen in order to
induce similar sedative effects in this subgroup. Diaze-
pam was packaged in capsules, which were identically
prepared for the placebo diazepam. Oral administration
was performed using 200 ml of water.

Study procedures
The study consisted of 1 screening and 2 treatment days,
with a telephone follow-up after each study day. Screen-
ing included demographics, medical history, NRS pain
score, physical examination, 12-lead electrocardiogram
(ECG), standard laboratory tests and urine drug screening
in order to assess the overall eligibility of the patient.
Screening was carried out a maximum of 40 days before
the first day of drug administration. All patients received
a pain diary to fill in 5 days in a row, starting on the first
day after screening in order to obtain a more convenient
description of the pain status of the study population.

Use of illicit drugs and use of opioids were both tested
using urine drug screening tests prior to drug administra-
tion. In addition, patients were not allowed to consume
alcohol within 24 h or caffeine within 6 h prior drug
administration. Urine pregnancy tests and saliva
alcohol tests were performed at the beginning of both
study days.

Study days were carried out at the research depart-
ment of the hospital, where each patient stayed in a
separate quiet room. Patients consumed as much as they
preferred from a standardized menu on the first study
day, but had to consume exactly the same on the second
study day. The same applied to co-medication. Patients
used their regular medication, including painkillers,
according to prescription on both study days. Every food
and medication intake was recorded.

Analgesic efficacy
A visual analogue scale (VAS) was used to quantify pain
intensity. VAS scores at rest and on movement after five
sit-ups were marked on a 10 cm line. The boundaries of
these lines were ‘no pain’ on the most left hand side
and ‘unbearable pain’ on the most right hand side. The
VAS was measured pre-dose and post-dose at 35 min,
1 h 5 min, 1 h 40 min, 2 h 5 min, 3 h 5 min, 4 h 10 min
and 5 h after administration of study medication.

Pharmacokinetics
Plasma concentrations of THC and its active metabolite
11-OH-THC were determined in serial venous blood sam-
ples, which were collected in 4 ml EDTA tubes pre-dose
at �15 min and 10 min, 30 min, 45 min, 1 h, 1.5 h, 2 h,
Br J Clin Pharmacol / 81:3 / 527
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3 h, 4 h and 6 h post-dose. Immediately after collection,
samples were wrapped in aluminum foil and kept on
ice. Samples were centrifuged within 30 min at 2000 g
for 10 min at 4°C. The handling of THC samples was done
avoiding direct light. The separated plasma was divided
into primary and backup samples, and stored at �80°C
until bioanalysis. Bioanalysis (Analytisch Biochemisch
Laboratorium b.v., Assen, The Netherlands) was per-
formed using a validated liquid chromatography/mass
spectrometry/mass spectrometry (LC/MS/MS) assay
method according to good laboratory practice proce-
dures. The lower limit of quantification for THC and 11-
OH-THC was 0.100 ng ml�1.

Non-compartmental analysis to determine plasma PK
parameters of the active compounds, THC and 11-OH-
THC, was performed using the WinNonlin modeling and
analysis software (version 2.1 a; Pharsight Inc., Apex, NC,
USA). The maximum plasma concentration (Cmax), the
time to reach Cmax (tmax), and the AUC from 0 up to the
last measurement (AUC(0,6 h), using the linear log trape-
zoidal rule) were calculated from the individual plasma
concentration vs. time profiles. The terminal half-life
(t1/2) was calculated only if there were two or more
points (excluding Cmax) in the elimination phase of
the plasma concentration–time curve with r2 > 0.80.
For that reason, five patients were excluded from this
part of the analysis for both THC and 11-OH-THC. Sub-
sequently, the areas under the plasma concentration
curves extrapolated to infinity (AUC(0,∞)) were calcu-
lated using the linear log trapezoidal rule and extrapo-
lation to zero.

Pharmacogenetics
Genotyping of cytochrome P450 enzymes CYP2C9 and
CYP2C19 was performed in order to investigate the effect
of genetic polymorphisms on the pharmacokinetics of
Δ9-THC [23, 24]. Two variants in genetic CYP2C9 poly-
morphisms (CYP2C9*2 and CYP2C9*3) and three variants
in genetic CYP2C19 polymorphisms (CYP2C19*2,
CYP2C19*3 and CYP2C19*17) were genotyped. To this
end, saliva from 21 participating subjects was collected
from which DNA extraction and genotyping was done.

Pharmacodynamics
Pre-dose and post-dose at 1 h 5 min, 2 h 5 min, 3 h 5 min,
and 5 h, drug effects on mood and behavior were ex-
plored with a set of 16 individual Bond & Lader visual an-
alogue scales. Three main factors were calculated as
described by Bond and Lader: alertness (from nine
scores), mood (from five scores) and calmness (from
two scores) [25]. Potential subjective psychotomimetic
(psychedelic) effects were evaluated using the Bowdle
questionnaire. The Bowdle questionnaire consists of 13
visual analogue lines ranging from ‘not at all’ to
‘extremely’ quantifying psychedelic effects [26]. Subjects
were asked to fill in both questionnaires pre-dose and
528 / 81:3 / Br J Clin Pharmacol
post-dose at 1 h 5 min, 2 h 5 min, 3 h 5 min, and 5 h after
drug administration.

Left-right (roll) and anterior-posterior (pitch) postural
oscillations were measured using a gyroscope-based
measurement system (SwayStar™, Balance International
Innovations GmbH, Switzerland), which was attached to
the waist of the patient. Patients stood, without shoes,
as still as possible in a standardized base of support with
their arms hanging at both sides of their body. Body sway
was measured pre-dose and at 1 h 25 min, 2 h 25 min, 3 h
25 min and 5.5 h post-dose for 1 min with eyes open and
1 min with eyes closed. During the task with eyes open
patients were asked to fixate at one point. The computer-
ized measures used for analysis reflect the 90% range roll
and pitch excursion in degrees from the centre of gravity.

Safety and tolerability
Safety and tolerability were evaluated using spontane-
ously reported adverse events (AEs) recorded at study
days until follow-up, measurements of vital functions,
ECG and laboratory tests. Blood pressure and heart rate
were measured at screening and on both treatment days
(pre-dose and repeatedly post-dose). ECG was recorded
at screening, pre-dose and at the end of each treatment
day. Haematology, blood chemistry and urinalysis were
performed at screening and at the end of the study.

Statistical methods
This was an exploratory study for which no sample size
calculation was performed. Patients withdrawn prior to
the first study day were replaced in order to have a total
number of 24 evaluable patients for the analysis. The pla-
cebo treatment was considered as equal between opioid
and non-opioid users, despite the distinction in dose
treatment across both groups. For statistical analysis
SPSS software for Windows v.20 was used. All statistical
tests were performed two-tailed, and the limit for statis-
tical significance was set at P < 0.05.

Differences between Δ9-THC vs. diazepam in VAS
scores at rest at time point 2 h 5 min were the primary
outcome of this study. This was based on the assumption
that Cmax is reached within 2 h after medication intake.
Differences between both treatments were statistically
analyzed using a linear mixed model analysis with two
fixed factors (period and treatment) and a random
subject effect (random intercept). A period × treatment
interaction was absent. The effect of treatment (Δ9-THC
vs. placebo) was exploratory post hoc evaluated for both
subgroups (opioid vs. non-opioid).

Statistics of repeated measures data were analyzed
using the area under the curve (AUC) of difference with
baseline as summary measure. The AUC was computed
using the trapezoid rule, ΔX × (Y1 + Y2)/2, repeatedly
for each adjacent pair of points defining the curve from
zero until the last measurement. Differences between
Δ9-THC versus diazepam were statistically analyzed
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using a linear mixed model analysis. Opioid users and
non-opioid users were compared in a subgroup analysis.
The pharmacokinetics of patients with genetic polymor-
phisms were compared observationally.
Results

Twenty-five patients were enrolled according to the
flowchart in Figure 1. One patient was not treated be-
cause of a positive drug screening on the first study day
and was replaced. Two patients in the opioid subgroup
were lost to crossover after the first study day, one
female patient due to mild AEs and one male patient
after withdrawal of consent. Consequently, 24 patients
received a single dose of Δ9-THC and 22 patients
received a single dose of diazepam.

Patient demographics and baseline characteristics are
described in Table 1. The mean age at screening was
52 years, mean BMI was 23.0 kg m�2 and nine of 24 pa-
tients were female. Patients reported a mean NRS at
screening of 6.0, whereas the mean VAS reported in the
pain diary was 3.9. The average abdominal pain duration
was 8.3 years at screening.
Figure 1
Participant flowchart
Analgesic efficacy
Primary linear mixed model analysis at time point 2 h
5 min showed no treatment effect of Δ9-THC compared
with diazepam on delta VAS pain at rest (mean difference
Δ9-THC - diazepam �.17, 95% CI of the difference �0.95,
0.61, P = 0.65). Figure 2 shows the VAS pain at rest and on
movement compared with baseline from 35 min until 5 h
after administration of Δ9-THC as well as diazepam. The
AUC VAS pain at rest (mean difference 18.37, 95% CI of
the difference �60.49, 97.23, P = 0.63) and AUC VAS pain
on movement (mean difference �18.14, 95% CI of the
difference �168.31, 132.03, P = 0.80) after Δ9-THC were
both not significantly decreased compared with diaze-
pam. These parameters were similar for opioid vs. non-
opioid users.

Pharmacokinetics
Mean plasma concentration vs. time curves of THC
and 11-OH-THC are shown in Figure 3 and Table 2
summarizes the PK of THC and its active metabolite
11-OH-THC. The PK parameters were similar between
opioid and non-opioid users. One patient demon-
strated a clearly enhanced Cmax compared with the
rest of the population, which could not be explained
by genetic polymorphism.

Pharmacogenetics
Several genetic polymorphisms were observed. Two pa-
tients were heterozygote carriers of CYP2C9*2 (C > T)
and four patients were heterozygote carriers of
CYP2C9*3 (A > C). One patient was found to be AA ho-
mozygote and four patients GA heterozygote for
CYP2C19*2 (G > A). No CYP2C19*3 (G > A) polymor-
phisms were observed. Genetic polymorphisms in
CYP2C19*17 (C > T) were found for five subjects who
were heterozygote CT carriers. Genetic CYP2C9 and
CYP2C19 polymorphisms did not evidently affect the
pharmacokinetics of Δ9-THC.

Pharmacodynamics
Figure 4 shows the effects of Δ9-THC and diazepam for
alertness, mood and calmness obtained by the VAS Bond
& Lader questionnaire. No significant differences were
found between Δ9-THC vs. diazepam. Feeling anxious
obtained by the VAS Bowdle questionnaire was signifi-
cantly increased after Δ9-THC compared with diazepam
(mean difference 166,92, 95% CI of the difference 10,86,
322,97, P = 0.037).

Overall 10 body sway measurements (4% of all mea-
surements), from which six in the eyes closed condition
and eight after Δ9-THC administration, could not be con-
ducted due to adverse events at that particular moment.
There were no group differences in balance outcomes in
both the eyes open and eyes closed condition between
Δ9-THC and diazepam. However, balance performance
was considerably disturbed in certain individuals after
Br J Clin Pharmacol / 81:3 / 529



Table 1
Baseline demographics and disease characteristics

Gender
(M/F)

Age
(years)

BMI
(kg m

�2
)

Aetiology
CP

Pain screen
(NRS)

Pain diary
(VAS)

Pain duration
(years)

Concomitant
medication

Opioid subgroup

1 M 54 25.7 Post-ERCP 6 4.2 5 SOPI, PCM, AC

2 M 48 26.9 Idiopathic 4 4.5 2 SOPI, PCM, AC

3 M 46 26 Idiopathic 7 2.2 21 SOPI, AC, PE

4 F 61 26.6 Idiopathic 5 5.2 15 SOPI, PE

5 M 44 18.8 Neoplasm 3 4.5 0 SOPI, PE

6 M 42 22.5 Alcohol 6 5.1 14 WOPI, PCM, PE

7 M 45 22 Idiopathic 6 7.2 4 SOPI, WOPI, PCM

8 F 42 21.5 Hereditary 6 4.9 13 SOPI, PCM

9 M 52 22.2 Alcohol 5 4.4 1 SOPI, NSAID, PCM

10 M 50 26.2 Idiopathic 8 2.5 2 SOPI, PE

11 F 34 19.5 Idiopathic 4 4.0 11 SOPI, PCM

12 F 52 19.2 Idiopathic 8 4.6 8 SOPI, AC

mean (SD) 8/4 47.5 (7.0) 23.1 (3.1) 5.7 (1.6) 4.4 (1.3) 8.0 (6.7)

Non-opioid subgroup

13 F 52 26.2 Idiopathic 8 6.9 11 PCM, AC

14 M 69 26.2 Hereditary 6 5.1 4 –

15 M 56 20.6 Neoplasm 8 4.0 8 AC, PE

16 M 71 23.6 Idiopathic 5 2.1 6 PCM, PE

17 M 51 26.3 Idiopathic 7 4.7 3 NSAID, PCM, PE

18 M 53 24.2 Idiopathic 3 2.5 9 PE

19 M 39 18.4 Idiopathic 7 2.5 6 NSAID, PCM, PE

20 F 54 18.1 Idiopathic 6 3.0 22 PCM, PE

21 F 57 23.8 Idiopathic 6 1.0 6 PE

22 M 44 18.5 Alcohol 9 2.1 6 PCM, PE

23 F 62 23.3 Alcohol 5 3.2 15 PE

24 F 65 26.3 Idiopathic 5 2.7 7 PCM

mean (SD) 7/5 56.1 (9.5) 23.0 (3.2) 6.3 (1.7) 3.3 (1.6) 8.6 (5.3)

Total mean (SD) 15/9 51.8 (9.3) 23.0 (3.1) 6.0 (1.6) 3.9 (1.5) 8.3 (5.9)

SOPI, strong opioids including pethidine; WOPI, weak opioids including tramadol and codeine; NSAID, non-steroidal anti-inflammatory drugs including diclofenac and ibuprofen;
PCM, paracetamol; AC, anticonvulsants including pregabalin and gabapentin; AD, antidepressants; PA, pancreatic enzymes
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both Δ9-THC and diazepam. These individuals were
found in both subgroups. Heart rate was significantly en-
hanced after Δ9-THC compared with diazepam (at time
point 1 h 40 min mean difference �5.5 beats min�1,
95% CI of the difference �9.0, �1.9, P = .004). In one pa-
tient, heart rate at rest was measured above 100
beats min�1 after Δ9-THC intake. Δ9-THC and diazepam
did not affect diastolic or systolic blood pressure. Alter-
ations in heart rate were not associated with PK parame-
ters such as Cmax and AUC(0,∞). All pharmacodynamic
parameters were similar for opioid vs. non-opioid users
and did not affect the treatment effect.

Safety and tolerability
All related, probably related and possibly related AEs are
presented in Table 3. Overall, there was a higher
frequency of AEs following Δ9-THC administration com-
pared with diazepam (54 AEs in 24 patients vs. 36 AEs
530 / 81:3 / Br J Clin Pharmacol
in 22 patients, respectively), although fewer patients re-
ported at least one AE after Δ9-THC administration com-
pared with diazepam (71% vs. 91% respectively). The
most frequently reported AEs after Δ9-THC administra-
tion were somnolence, dry mouth, dizziness and eu-
phoric mood. Somnolence, dizziness and fatigue were
most commonly related or possibly related to diazepam
administration. All AEs were mild or moderate, and
equally divided between opioid and non-opioid users.
The number of AEs was not associated with PK parame-
ters such as Cmax and AUC(0,∞). However, the subject
showing the highest Cmax also had the greatest number
of AEs. There were no serious AEs during the study. One
patient was withdrawn after the administration of
Δ9-THC on the first study day due to somnolence,
dizziness, increased heart rate, nausea, paraesthesia
and feelings of tension. There were no clinically relevant
changes in vital signs, ECG parameters or safety



Figure 2
VAS pain. Differences (mean and SD) in VAS pain compared with base-
line are shown for Δ9-THC and diazepam measured at
rest (A) and on movement (B) in patients with pancreatic pain
(n = 24). Pre-dose, maximal 1 h prior drug administration

Figure 3
Mean plasma concentration�time curves of THC (A) and 11-OH-THC (B)
after a single dose of Δ9-THC in CP patients subdivided into opioid
(n = 12) and non-opioid (n = 12) users. Error bars represent standard
deviation (SD)

Single dose Δ9-THC in chronic pancreatitis
laboratory parameters (haematology, biochemistry
and urinalysis).
Discussion

Our study investigated the analgesic efficacy, pharmaco-
kinetics, pharmacodynamics and safety of a single dose
of Δ9-THC in patients with chronic abdominal pain re-
lated to CP. We demonstrated in an exploratory study,
that a single dose of 8 mg Δ9-THC was not efficacious
in reducing chronic pancreatic pain compared with the
active placebo diazepam. Δ9-THC was absorbed with an
average tmax of 123 min, which was similar for opioid
and non-opioid users, but slower than observed in a pre-
vious study in healthy subjects [13]. We observed a small,
but significant, increase in feeling anxious after Δ9-THC
compared with diazepam. Other pharmacodynamic out-
comes did not differ between Δ9-THC and diazepam. A
single dose of Δ9-THC was well tolerated resulting in
mild to moderate AEs.

Analgesic efficacy
Several randomized controlled trials investigated the
analgesic efficacy of different products containing THC
in various pain states [12, 27–30]. In a majority of these
studies, THC treatment resulted in pain reduction in
chronic pain, whereas the data for acute pain were less
conclusive. Most studies in chronic non-malignant pain
conditions demonstrated analgesic efficacy in chronic
non-malignant pain using a single dose or treatment
periods of 2 to 15 weeks [20, 31–42]. The majority of
studies with cannabis-based medicines were conducted
in patients suffering from central neuropathic pain in
multiple sclerosis. Ours is the first study in patients
Br J Clin Pharmacol / 81:3 / 531



Table 2
Pharmacokinetic parameters of THC and 11-OH-THC

THC 11-OH-THC

Mean SD Mean SD

Cmax Group (n = 24) 4,01 3,39 4,38 1,50

(ng ml
-1
) Opioid (n = 12) 4,44 4,40 4,51 1,62

Non-opioid (n = 12) 3,58 2,08 4,25 1,44

tmax Group (n = 24) 122,80 87,99 135,70 77,50

(min) Opioid (n = 12) 126,60 90,49 142,10 86,66

Non-opioid (n = 12) 119,10 89,26 129,30 70,44

AUC(0,tlast) Group (n = 24) 477,50 381,80 764,90 241,30

(ng ml
-1
min) Opioid (n = 12) 507,90 506,70 777,70 298,10

Non-opioid (n = 12) 447,20 214,70 752,20 180,50

AUC(0,∞) Group (n = 24) 532,20 442,50 920,70 316,40

(observed) Opioid (n = 11) 577,70 571,10 954,00 400,00

(ng ml
-1
min) Non-opioid (n = 8) 469,70 173,20 883,70 205,90

t1/2,term Group (n = 24) 67,12 20,37 110,10 26,57

(min) Opioid (n = 11) 67,89 19,71 111,70 29,51

Non-opioid (n = 8) 66,05 22,57 108,40 24,55
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with chronic abdominal pain resulting from CP, which
is generally recognized as difficult to treat and associ-
ated with high opioid use.

Narang et al. demonstrated that patients who
received a single dose of THC experienced decreased
pain intensity compared with placebo in patients
taking opioids for chronic non-malignant pain of
various origins (e.g. low back, lower extremity, cervi-
cal and abdominal/pelvic pain), suggesting that THC
may have an additive effect on pain relief [20].
Preclinical evidence also suggests that THC may act
synergistically with opioids [43, 44]. However, in the
present study we did not observe any analgesic effect
of Δ9-THC compared with diazepam nor a difference
between opioid users and non-opioid users. Although
pain was decreased after Δ9-THC administration, the
same effect was observed after diazepam administration.
As for diazepam no analgesic efficacy is described
and it is used in other pain studies as an active
placebo [45] It is assumed that the pain relief after
diazepam is a placebo effect. It is well known that
placebo and nocebo effects are present in chronic
pain populations [46].

Several explanations for the lack of analgesic effect in
our study can be proposed:

1) a single dose of Δ9-THC is insufficient to achieve
adequate exposure duration. THC is lipophilic and will
diffuse to the fatty tissues immediately. The question
is whether the THC concentration at target site is
sufficient to modulate pain. Therefore, long term
treatment studies are necessary to achieve sufficient
exposure duration and evaluate the efficacy of
Δ9-THC.
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2) the dosage of 8 mg Δ9-THC is inadequate for each
individual patient. The dosage should be adjusted
for individual patients according to genetic, mecha-
nistic and other patient-related factors that potentially
influence the PK and clinical effects [47, 48].

3) Δ9-THC is effective only in certain types of pain,
e.g. chronic vs. acute or visceral vs. neuropathic. It
is difficult to specify responders, because the work-
ing mechanism of how THC potentially modulates
pain is unclear. It should be noted that several
previous clinical trials demonstrated analgesic
efficacy in chronic pain, particularly in multiple
sclerosis, whereas the data in acute pain were less
conclusive [12].

4) sensitization of nociceptive pathways (e.g. central
sensitization) and alterations in central cognitive and
autonomic processing, which are all associated with
chronic pancreatic pain, [49–51] impedes analgesic
efficacy in this particular research population.

5) THC in general is ineffective for pain relief. However,
the absence of significant pain relief in current study,
after only one single dose, does not give evidence that
supports this suggestion.
Pharmacokinetics
The mean plasma concentration curves demonstrated
that THC was generally well absorbed and further metab-
olized to 11-OH-THC in this group of CP patients. How-
ever, it should be noted that, according to the mean
plasma concentration curve of THC, the time to reach
maximal THC concentration was 45–90 min, whereas
the computed mean tmax of THC was 119–127 min. This
phenomenon can be explained by the observation that



Figure 4
VAS Bond & Lader questionnaire. Mean scores for alertness (A), mood (B),
and calmness (C) were shown for Δ9-THC and diazepam in
CP patients (n = 24). Error bars represent standard deviation (SD)
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subjects with an early tmax have a much higher Cmax com-
pared with those subjects with a late tmax which show a
relatively low Cmax. The previously mentioned phase I
study reported a time to reach maximal THC concentra-
tion of 39–56 min, but these subjects were young,
healthy and fasted before Δ9-THC administration [13].
Thus, the absorption of Δ9-THC was delayed in a sub-
group of CP patients, resulting in an increased variability.

CP is associated with malabsorption [52, 53], which
potentially affects drug absorption and could explain
the inter-individual PK variation in patients with CP [54].
Drug absorption in CP patients might further be affected
by alterations in gastrointestinal intraluminal pH, gastro-
intestinal motility, bacterial overgrowth and changed
pancreatic gland secretion [54]. In addition, bowel dys-
function is a common adverse effect of prolonged opioid
use [55], which may affect the absorption of drugs as
well. Therefore, the role of these factors in modulating
the pharmacokinetic profile of THC should be
further studied.
Pharmacogenetics
We aimed to evaluate the effects of CYP2C9 and
CYP2C19 polymorphism on the pharmacokinetics of
Δ9-THC, which is subsequently relevant for its efficacy
and adverse effects. Sachse-Seeboth et al. found that
the homozygous CYP2C9*3 variant affected the pharma-
cokinetics of THC, resulting in a three fold area under the
plasma concentration curve of THC, as well as a trend to-
wards increased sedation after oral administration of THC
[23]. In the current study, we did not observe significant
differences between wild-type subjects and subjects
with homozygous or heterozygous CYP polymorphisms.
This can be explained by the small number of subjects
with a genetic variant. However, it cannot be precluded
that genetic polymorphisms may have contributed to
the inter-individual variation in the pharmacokinetics
of Δ9-THC.
Pharmacodynamics
Several psychological outcomes such as alertness, feel-
ings of unreality, control of thoughts, feeling high and
feeling drowsy seem to be affected after administration
of both Δ9-THC and diazepam. Feeling anxious was the
only outcome with a significant difference between
Δ9-THC and diazepam, which is not surprising consider-
ing the anxiolytic properties of diazepam. Similar results
were observed for the body sway measurements.
Balance disturbances were found in several individuals
after both Δ9-THC as well as diazepam. After 1 h 40 min
post-dose, heart rate was significantly enhanced by 5.5
beats min�1 after Δ9-THC compared with diazepam. This
is in line with previous studies and for most patients not
clinically relevant [13].
Br J Clin Pharmacol / 81:3 / 533



Table 3
Summary of adverse events

Adverse event

Diazepam (n = 22) Δ9-THC (n = 24)

n % n %

General

Fatigue 8 36% 7 29%

Nervous system symptoms

Somnolence 11 50% 8 33%

Dizziness 6 27% 4 17%

Headache 3 14% 2 8%

Balance disorder 0 0% 2 8%

Amnesia 0 0% 1 4%

Paraesthesia 1 5% 2 8%

Depressed level of conciousness 1 5% 0 0%

Psychiatric symptoms

Confusional state 0 0% 2 8%

Indifference 0 0% 1 4%

Euphoric mood 2 9% 4 17%

Derealization 0 0% 1 4%

Disorientation 0 0% 1 4%

Tension 0 0% 1 4%

Gastro-intestinal system symptoms

Nausea 1 5% 3 13%

Vomiting 0 0% 1 4%

Steatorrhoea 0 0% 1 4%

Constipation 1 5% 0 0%

Abdominal discomfort 0 0% 1 4%

Dry mouth 0 0% 5 21%

Throat irritation 0 0% 1 4%

Vision symptoms

Visual impairment 1 5% 3 13%

Cardiac symptoms

Heart rate increased 1 5% 1 4%

Eye symptoms

Dry eye 0 0% 1 4%

Photophobia 0 0% 1 4%

Total 36 54

M. de Vries et al.
Adverse effects
Δ9-THC was generally well tolerated resulting in only
mild to moderate adverse events, which were very simi-
lar compared with those observed in healthy volunteers
[13]. However, we observed an inter-individual variation
with certain subjects experiencing no single side
effect while others experienced several side effects
at the same time. This could not be explained by
subgroups of (non)opioid users or pharmacogenetic
polymorphisms, and could not be associated with
pharmacokinetic parameters such as Cmax or AUC(0,tlast)
However, side effects of THC are considered to be
dose-related, [13] and therefore, adverse events should
be avoidable by adjusting the dosage or by adequate
dosage titration.
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Methodological considerations
The similarities in the pharmacodynamics of Δ9-THC
compared with diazepam clearly demonstrate that we
succeeded in adequate blinding of subjects by giving
the impression of an active psychotropic drug in both pe-
riods. Additionally, with respect to the sedative effects of
THC, diazepam was used to control for indirect pain relief
through the sedative effects on the experienced pain.
Diazepam is more often chosen as active placebo for
THC and other central working analgesics [45, 56].
However, it should be mentioned that the role of GABA
in mediating the transmission and perception of pain is
not evidently clear. GABAergic neurons are widely
distributed throughout the central nervous system,
including regions of the spinal cord dorsal horn known
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to be important for transmitting pain impulses to the
brain [57]. GABA receptor agonists demonstrated
antinociceptive properties in a variety of pain models in
animal studies [58], and showed possible anti-
hyperalgesic effects in experimental human pain models
[59]. However, benzodiazepines largely lack clear analge-
sic efficacy in humans [57, 60], and diazepam is thus un-
likely to affect the primary outcome. The comparison
with diazepam, however, may have complicated the
evaluation of the PD effects of Δ9-THC. Several psyche-
delic outcomes such as alertness, feelings of unreality,
control of thoughts, feeling high, feeling drowsy and
feeling anxious were affected after administration of
both drugs.

In conclusion, this study demonstrates that a single
dose of 8 mg Δ9-THC was not efficacious in achieving
pain relief. At this dose, Δ9-THC was generally well toler-
ated with mostly mild AEs. The PK results in CP patients
showed delayed absorption and an increased variability
compared with healthy volunteers, most probably due
to underlying pathology and concomitant medication
use. Further long term treatment studies are necessary
to evaluate the efficacy and tolerability of Δ9-THC in CP
and other chronic visceral pain conditions.
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